Introduction
The quest to nurture talent has contributed to greater involvement by applied sport psychologists with adolescent athletes (Bloom, 1985; Csikzentmihalyi et al., 1993; Côté, 1999) . Encouraging athletes to use psychological skills during their formative years may promote better coping skills once they mature. For the practitioner and researcher alike, it might be more important to investigate the development and application of psychological skills among aspiring young athletes than among their mature counterparts. Benefits of integrating psychological skills training into youth sport programmes have been proposed by researchers in the areas of stress (e.g., Hanton and Jones 1999) , achievement motivation (e.g., Harwood and Swain, 2001 ) and the psychological characteristics of peak performance (e.g., Gould et al., 2002) , all of whom advocated developing psychological skills at a young age.
Recently, within national governing bodies of sport in the United Kingdom, increased emphasis has been placed on identifying and nurturing talented athletes via the World Class Potential plans, funded by the National Lottery®. Hence, methods of gaining insight into existing psychological skills among young athletes have an important role to play in helping to determine individual requirements for psychological skills training and practitioner support offered to athletes through such schemes.
Assessment of psychological skills is often recognised as an integral part of the work of an applied sport psychologist (see Chartrand et al., 1992; White, 1993; Smith et al., 1995; Taylor, 1995; Hardy et al., 1996; Thomas et al., 1999) . One method of measuring the mental skills of athletes is by using psychological questionnaires or inventories, but the utility of such instruments depends fundamentally upon their psychometric properties. If validity and reliability have not been clearly demonstrated, it is hazardous to accept and apply data derived from such measures (Schutz and Gessaroli, 1993; Schutz, 1994) .
Several researchers (see Jackson et al., 2000; Fletcher and Hanton, 2001; Validity of the TOPS  5 21   22   23   24   25   26 al., 2002) have recommended the use of the Test of Performance Strategies (TOPS; Thomas et al., 1999) as the psychometric instrument of choice for assessing psychological skills usage. The TOPS is a 64-item measure, designed to assess the "psychological processes thought to underlie successful athletic performance as delineated by contemporary theory" (Thomas et al., 1999, p. 699 ). Thomas and his colleagues presented a dual rationale for developing the TOPS. First, they pointed out that the validity of previous measures of psychological skills usage had not been established beyond doubt (see Murphy and Tammen, 1988) . For example, the factor structure of the Psychological Skills Inventory for Sport (PSIS; Mahoney et al., 1987) was not fully supported by a subsequent validation study (Chartrand et al., 1992) .
Second, they emphasised the importance of distinguishing strategies used in competition from those used during practice; a context in which many athletes spend the vast majority of their time. Thomas and associates hypothesised that eight dimensions of psychological skills -activation, attentional control, automaticity, emotional control, goalsetting, imagery, relaxation, and self-talk -would be common to both competition and practice contexts. Exploratory factor analyses supported this structure for the practice items but identified a slightly different solution for the competition items, with negative thinking replacing attentional control as a competition-specific factor.
In the development and preliminary validation of the TOPS, Thomas and colleagues recruited participants from a wide range of sports across different performance standards, from recreational to senior international. The heterogeneity of the initial validation sample is a strength of the process to validate the measure, in terms of its applicability across a wide age range and spectrum of ability. Also, in making a distinction between competition and practice strategies, the authors of the TOPS opened the way for researchers and practitioners to assess individual needs and monitor developments over time in both contexts.
Validity of the TOPS  6 21   22   23   24   25   26 However, there are at least two reasons for conducting further psychometric evaluation of the TOPS. First, Thomas and colleagues made a clear recommendation that such research should be undertaken. Specifically, they called for confirmatory factor analysis (CFA) to examine the reliability of the factor structure. Second, certain methodological features of their validation study suggest that a re-evaluation would be prudent before applying the measure to other populations of interest. For example, the ratio of participants to items was below the generally accepted criterion. Thomas and colleagues used a ratio of 4.25 (472: 111), whereas a ratio of 10:1 is usually recommended (e.g., Tabachnick and Fidell, 2001) . Also, exploratory factor analysis has been criticised for producing mathematically-driven factors that are unique to the sample under investigation rather than reflective of more generalisable constructs (Schutz, 1994; Thompson and Daniel, 1996) ; a tendency exacerbated when the participant-to-item ratio is low (Tabachnick and Fidell, 2001) . Given that Thomas et al. had proposed an a priori theoretical framework, it might have been more appropriate to use confirmatory techniques from the outset, either to test the complete measurement models hypothesised for the competition and practice strategies, or to first test each factor independently, with additional factors being included in subsequent analyses (see Mullan et al., 1997) .
It is also interesting that, in their exploratory analysis of competition strategies, Thomas and colleagues found that items related to attentional control and emotional control formed a single factor, whereas they had originally conceptualised them as distinct constructs. They pointed out, reasonably enough, that good attentional control is inextricably linked with good emotional control. However, while attentional control and emotional control may closely co-vary they remain conceptually distinct (Lazarus, 1991 (Lazarus, , 1999 and several researchers have warned of the pitfalls of using exploratory factor analysis to generate theory (e.g., Schutz, 1994; Thompson and Daniel, 1996) .
To date, no research has evaluated the validity of any measure of psychological Thomas et al. (1999) , it was hypothesised that athletes would report significantly higher usage of psychological skills in competition than in practice.
Method

Participants
Participants were 584 volunteer athletes (Age range: 15-18 years, male = 264, M = 16.6 years, SD = 1.8; female = 320, M = 16.9 years, SD = 1.9). Participants were drawn from national-level training camps in the U.K., organised through a joint initiative between Nike, Inc., The Institute of Youth Sport, and the Youth Sport Trust. Athletes competed in a broad range of sports, including badminton, fencing, field hockey, lacrosse, rugby union, soccer, squash, triathlon, track and field, and volleyball.
Measurement instrument
The 64-item Test of Performance Strategies is a self-report instrument designed to measure an athlete's use of psychological skills and strategies during competition and practice (Thomas et al., 1999) . Exploratory factor analysis has previously indicated an 8-factor solution for competition items and a slightly different 8-factor solution for practice items. Seven factors are common to both competition and practice contexts, whereas negative thinking is only included in the competition context and attentional control only in the practice context. Each subscale has four items. Items were rated on a 5-point scale anchored by 1 (never) to 5 (always). Scores for each subscale were summed and divided by four; resulting in overall factor scores that could range from 1 -5.
Procedures
Written parental consent for participation in the research was granted prior to each training camp through the Youth Sport Trust. Participants also gave informed consent and volunteered to participate in the present study with no incentives. Instructions to participants included a reminder to respond to all items and a statement designed to discourage a social desirability bias (c.f., Martens et al., 1990) . Participants completed the questionnaire during breaks in their training camps away from the gaze of their peers.
Model Testing
The 8-factor measurement models for practice and competition specified that items were related to their hypothesised factor with the variance of the factor fixed at 1. The first model tested allowed factors to freely intercorrelate and a second model constrained relationships between automaticity and other factors to zero. This second model was prompted by previous findings of inconsistent relationships between automaticity and other factors. For example, Thomas et al. (1999) reported minimal interrelationships whereas Thomas and Over (1994) had previously reported strong positive relationships. Given that such relationships are of theoretical and practical importance, we decided to model both possibilities.
Another approach used to evaluate the measurement model was to assess the psychometric properties of each factor independently (see Mullan et al., 1997) . This approach has been proposed to be appropriate where overall model fit is not supported (Woodman and Hardy, 2003) . Poor model fit can be due to various characteristics, such as when items have low loadings on their hypothesised factors, high loadings across multiple factors, or mis-specified correlations between factors. Given that researchers and practitioners will calculate factor scores by combining items in each subscale, all subscales should demonstrate factorial validity independently.
Validity of the TOPS 9 CFA using EQS V5 (Bentler, 1990 (Bentler, , 1995 Bentler and Wu, 1995) was used to test the hypothesised models. An assumption underlying SEM is that data are normally distributed. In particular, the maximum likelihood method (ML: Chou and Bentler, 1995) used in the present study assumes multivariate normality. Two precautions were taken to guard against the effects of non-normality. The first was to utilise a large sample, above 500 participants, as recommended by Tabachnick and Fidell (2001) . The second precaution, in the event of identifying multivariate non-normality, was to use the scaled X 2 Satorra-Bentler method, which has been shown to effectively control for overestimation of X 2 , under-estimation of incremental fit indexes, and under-identification of errors (see West et al., 1995) .
The choice of cut-off criteria used to evaluate model adequacy is a contentious issue. Some researchers favour a two-index strategy, with the indices selected on the basis of sample size, model complexity, and the distributional properties of the data (e.g., Hu and Bentler, 1999) . We followed the approach of Hoyle and Panter (1995) , Byrne (1998 Byrne ( , 2000 , and Kline (1998) , all of whom advocated use of a range of fit indices to judge model adequacy. According to Hoyle and Panter (1995) , there is little agreement among researchers about the best index of overall fit used in CFA. Consequently, to achieve a comprehensive evaluation of model fit a range of different indices were used.
Model fit was assessed using two incremental fit indices; the robust comparative fit index (RCFI: Bentler, 1995) and the non-normed fit index or Tucker-Lewis index (TLI:
Tucker and Lewis, 1973). Incremental fit indices are based on comparisons between the hypothesised model and a null model (in which there are no relationships among the observed variables) and are not influenced by sample size (Marsh et al., 1988; Bentler, 1990) . Kline (1998) proposed that values for the RCFI and TLI of less than .90
indicate that the hypothesised model could be substantially improved, and Hu and Bentler (1999) used was the root mean square error of approximation (RMSEA: Steiger, 1990 (Browne and Cudeck, 1993) .
The Lagrange multiplier and Wald tests were used to highlight how model fit could be enhanced, as recommended by Biddle et al. (2001) . The Lagrange test asks how can model fit be improved by adding parameters while the Wald test asks which parameters, if any, could be deleted or have their variance fixed to zero (see Tabachnick and Fidell, 2001 ).
Cronbach alpha coefficients were calculated to assess the internal consistency of the 16 factors. The criterion for acceptability for an internally reliable scale is normally set at .70 (Tabachnick & Fidell, 2001 ). However, Loewenthal (2001) suggested that an alpha of .60 is acceptable for subscales with four items.
Results
Preliminary analyses showed that multivariate normality was violated for both competition items (Mardia = 48.05) and practice items (Mardia = 49.49); indicating that use of the Satorra-Bentler estimation method was appropriate. Results of the CFA are shown in Table 1 . For the competition items, fit indices showed partial support for the hypothesised measurement model. The RMSEA indicated good model fit but the RCFI fell between traditional and contemporary benchmarks; higher than the .90 criterion advocated by Kline (1998) but lower than the .95 criterion proposed by Hu and Bentler (1999) . The TLI fell below the minimum value for acceptable fit, indicating that the competition model could be improved significantly. could also be improved significantly.
Given this evidence that model fit could be improved, modification indices were scrutinised to identify the specific weaknesses of the measurement models. Wald test results showed that model fit could be improved by constraining correlations between automaticity scores and other factor scores to zero. This was evident for both the competition and practice items in this factor.
The revised model had negligible impact on the fit statistics for the competition items although all fit indices for the practice items were improved (see Table 1 ). However, despite rectifying the model, fit indices for both competition and practice items fell short of the .95 criterion for acceptability (Hu and Bentler, 1999) and, even when judged against the less stringent traditional criterion, TLI values indicated that significant improvements to the measurement model could be made for both sets of items.
Independent analyses of each factor were then conducted. For the competition items, CFA provided strong support for the automaticity, goal-setting, relaxation, and selftalk scales, with all fit indices at the level of acceptability or better (see Table 2 ). Scope for improvement was indicated for the emotional control, imagery, and negative thinking scales and no support was found for the fit of the activation scale. Among the practice items, strong support was found for the attentional control, emotional control, goal-setting, imagery, and self-talk scales, scope for improvement was indicated for the automaticity and relaxation scales, and again no support was found for the activation scale.
Alpha coefficients (Cronbach, 1951) (Loewenthal, 2001 ) and for all practice scales with the exception of activation. Table 3 for the competition items and .32 (10% overlapping variance) poor (see Tabachnick & Fidell, 2001, p. 625) . By this rule of thumb, in the present analysis, 54 of the 64 items (84%) could be considered good to excellent and only 3 items (5%) could be considered poor. Of these three items, two ('I have difficulty increasing my energy level during workouts' and 'I have trouble energizing myself if I feel sluggish during practice') were in the practice activation scale and one ('during practice, I don't think about performance much -I just let it happen') in the practice automaticity scale (see Table 4 ).
Analysis at the individual item level is reported in
Overall, support for the TOPS measurement models was mixed for both the competition and practice scales. The scales demonstrated satisfactory psychometric properties on some tests but were shown to be in need of improvement on others. Given this partial support for the hypothesised measurement models, we decided to explore the second purpose of the study. Results of a multivariate analysis of variance are shown in Table 5 . A significant multivariate effect of context was found (Wilks' λ 7,577 = .08, p < .001, η be interpreted with great caution. Indeed, caution is advised in the interpretation of between-context differences for all TOPS subscales.
Discussion
The purpose of the present study was to investigate the factorial validity of the TOPS for use with adolescent athletes and, subsequently, to advance awareness of psychological skills usage in this population. The TOPS assesses the use of psychological strategies in competition and practice settings. Such measures serve several important functions. First, the TOPS can be used as a research tool into the effectiveness of interventions to improve psychological skills. Second, TOPS scores provide information for coaches and practitioners about the existing psychological skills and future needs of young athletes. Third, information derived from the TOPS can help to educate governing bodies about those psychological skills and qualities that are being properly addressed or perhaps neglected during the early stages of player development.
However, the utility of measures for assessing psychological skills depends upon the demonstration of appropriate validity characteristics. Although Thomas et al. (1999) provided some evidence to support the factorial validity of the TOPS among a heterogeneous sample of adults and adolescents, researchers should test the generalisability of measures for different populations of interest (Schutz and Gessaroli, 1993; Schutz, 1994; Anastasi and Urbina, 1997) . Researchers should also use the most stringent methods to assess validity (Schutz, 1994) . The present study was designed to address both objectives by testing the measurement models for competition and practice presented by Thomas and associates, using confirmatory techniques.
Results indicated that neither measurement model adequately fitted the data although the competition model showed better fit than the practice model. At the subscale level, many scales showed very good fit, other less so. More specifically, for the competition items, the automaticity, goal-setting, relaxation, and self-talk scales showed
Validity of the TOPS 14 good fit, whereas the activation, emotional control, imagery, and negative thinking scales could be improved significantly. For the practice items, the attentional control, emotional control, goal-setting, imagery, and self-talk scales showed good fit, whereas the activation, automaticity, and relaxation scales could be improved.
At the individual item level, 84% of items showed good to excellent loadings on their hypothesised factor. Some specific items showed weak loadings, in particular on the practice scales for activation and automaticity. Several possible steps could be taken to address these limitations. For example, weak factor loadings can indicate that participants did not comprehend the meaning of an item in the context of the factor it was intended to represent. In such cases, an item might be reworded to aid clarity. Also, given that the original validation procedures were geared primarily towards adult athletes, it is possible that the language used in some items is inappropriate for adolescents. For example, in the automaticity scale, the item "during competition I perform on automatic pilot" requires understanding of the concept of an automatic navigation system to give a meaningful response. Similarly, another automaticity item, "during practice, I don't think about performing much -I just let it happen", could be interpreted by some participants as relating to performing with low motivation rather than performing with minimal processing.
Another area where changes might improve model fit involves separating the constructs of attentional and emotional control among the competition items. For example, the item, "when I make a mistake in competition, I have trouble getting my concentration back on track", shows a modest loading (.41) on emotional control, its hypothesized factor.
It is difficult to support the notion that this item truly belongs as part of the emotional control factor when it is so clearly oriented towards attentional control. It is suggested that the decision by Thomas and colleagues to combine these two constructs into a single scale should be reconsidered, at least in the context of adolescent athletes.
Validity of the TOPS 15 Collectively, confirmatory techniques showed the factorial structure of the TOPS to be strong in parts but in need of revision elsewhere. In particular, both activation scales appear to require revision. Such revisions should be completed before the TOPS can be applied with confidence among adolescent populations.
In terms of psychological skills usage, the results showed that adolescent athletes used the strategies of interest more in competition settings than in the practice environment. This finding is consistent with the results previously reported by Thomas and colleagues. Future research might explore the perceived effectiveness of using psychological skills in these different settings rather than simply comparing the relative usage in the two domains.
It has been suggested previously (Thomas et al., 1999 ) that the TOPS may be an appropriate measure for investigating the extent to which psychological skills usage varies over time. Indeed, practitioners may already be using changes in TOPS scores as an index for evaluating the impact of psychological skills training. Such a strategy may be premature until the stability of the TOPS factor structure is established. Unless it can be demonstrated that scores on a questionnaire are stable under conditions where no change is expected, any changes observed may be caused by random error potentially associated with participants not understanding the meaning of items (see Nevill et al., 2001) .
Therefore, before meaningful comparisons can be made on TOPS data collected over time, it is important for future research to be conducted to investigate the stability of the measure.
Conclusions
In conclusion, findings of the present study have provided evidence of the psychometric properties of the TOPS among adolescent athletes. Results have shown that, in its present form, question marks remain over some aspects of the factorial validity of the measure and hence its appropriateness for use with adolescent athletes remains in doubt. , 56, 197-208. Tucker, L.R. and Lewis, C. (1973 
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